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ABSTRACT

1n this paper, the summer climate of 1991 in North China is simulated by using the high—reso-
Tution regional climate model {RegCM?2) and the effects of the grassland desertification on summer
drought in the central and 1be nortbern parts of North China as well as Mongolia are studied. It
shows that the regional climate model essentially catches the characteristics on distribution and
scasonal variation of the precipitation that keep good agreement with the observation. The
desertification makes precipitation in the central part of North China during its flood period de-
crease obviowsly in July, The border of the precipitation or the soil moisture reduction in the
desertification region extends about one latitude southeastward and beyond the southeast edge of
the desertification. Thus, vegetation in the border region approaches desertification further. How-
ever, there appears evident difference of variation of precipitation over the whole desertification
region. The grassland desertification greatly changes the transfers of fluzxes between land and at-
mosphere. The secondary circulation or secondary circulation cells in the desertification region are
excited and as a result moisture transport is changed. The vatiation of flux transfers between land
and atmosphere as well as the vertical motion of atmosphere is closely related to that of precipita-
tion.
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1. Introduction

Many observations and studies indicate that the summer rainfall in North China de-
creases significantly during recent twenty years. The obvious reduction tendency can be seen
from the variation of percentage of summer rainfall anomaly (June—-August) in the plain of
North China from 1951 to 1988 (Ye and Chen, 1992). Almost nc year there is in which the
ancmaly is above normal in 1980’s and there appears clearly drought evidence. Having stu-
died the average distribution on drought and flood during the period of 1979-1988, Wang
Shaowu indicates that disasters of droughts and floods occur mainly in North China and
South China, especially in the plain of North China where the frequency of drought occut-
rence is higher and its persistent period is longer (Wang, 1990).

North China is situated in the middle and lower reaches of the Huanghe River Basin. Its
underlying surface is characterized by desert in the western, grassland in the central and the
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northern, and forest in the eastern. The demarcation lines of forest, grassland and desert are
very distinet. They are roughly in the direction of the northeast—southwest {Ye, 1992). The
climatic disasters in North China are no doubt affected by the large scale global climate
changes. It is, however, worthwhile to point out that occurrence frequency of the disasters is
progressively becoming high as the ecosystem environment changes incessantly. Particular at-
teniion must be paid to the effects of regional changes on underlying surface. The
desertification phenomenon has become an important part in global environment change (Ye,
1992). [t changes greatly the physical features on the land surface, breaks the energy balance
of the surface radiation and induces climate and environment changes whose feedback, how-
ever. can further accelerate the desertification progress, just as Charney poiats out the
biophysical feedback mechanism (Charney, 1975). It is seen from the areas threatened with
desertification over the world that the severe desertification in the eastern Asia appears in
North China and Mongolia where grassland vegetation is seriously degraded, particularly for
the semiarid belt of alternation between agriculture and pasture (UNFAQ, 1977).

In this paper we first analyse the observed precipitation in North China during recent 17
years (1979~1995) with the method of orthogonal rotated principal components analysis
(REOF). Then, the summer climate of 1991 chosen as a case is simulated by using a high—res-
olution regional climate model {RegCM2). Finally, & sensitivity experiment of effects of
desertification on the regional climate in Notth China is completed after the grassland vepeta-
tion in both North China and Mongola is replaced by desert. Thus, occurrence rule and
mechanism of droughts in North China are studied.

2. Characteristic of summer precipitation anomaly in North China during recent 17
years

The data set of the observed precipitation during the period of 1979-1995 is a grided
field of global monthly average. It is obiained by merging several kinds of individual informa-
tion sources including gauge observations, satellite estimates and numerical models outpuis
(Xie and Arkin, 1997). lis resolution is 2.5° % 2,5°. This paper chooses the range of 35°—45°N
and 105°-120°E from the daia set to express North China within which 5 x 7 points are in-
cluded. REQF analysis is carried out after the precipitation field is taken anomaly then
standardized.

Figure la is the temporal variation of the standard anomaly of precipitation in North
China from 1979 to 1995, It shows that from the beginning of 1980 to 1986 the anomaly is es-
sentially below the average. The precipitation obviously decreases, especially in 1985 when the
negative anomaly reaches —0.60 or so. After that time the anomaly alternates between posi-
tive and negative. The largest positive anomaly appears in 1990 and it is an unusual flood
year. The precipilation decreases again after 1990.

In order to understand types of the summer drought distributions in North China, the
method of REOF is used to analyze spatial character of precipitation. This kind of method
has several advantages over the traditional Empirical Orthogonal Functions (EQF} in re-
vealing local features (Ye, Wang and Li, 1997), Figures 2a—c and 1b~d are first three spatial
modes obtained by the REOF analysis and related variability of temporal coefficient,
respectively. They indicate that the [irst spatial pattern is characterized with obvious contrast
between the Great Bend of the Huanghe River {(Hetao) and other areas of Morth China. It can
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Fig. 1. Temporal variability of summer precipitation in North China during the period of
1979-1995. (a) percentage of precipivation anomaly; (b) the first temporal coefficient; (¢) the sec-
ond tempeoral coefficient; {d) the third temporal coefficient.

be seen from the temporal variability that the anomaly varies approximately from positive to
negative around 1990, as indicates in the most years of 1980's floods appearing in Hetao and
droughts in other areas of North China. However, the cases in 1990's are just opposite. The
second spatial patiern shows that precipitation anomaly in the southeastern part of North
China is contrary to that in the most other parts. Its temporal variability in Fig, lc indicates
that droughts during the period of 1982 1o 1986 have this type of acid characteristic. 1t alter-
nates between drought and flood after {987, The third spatial pattern reflects that drought
and flood patiern in the southern part of North China is opposite to that of the northern part.

The precipitation field reconstructed with first five characteristic modes shows essentially
features of summer in [991. It clearly indicates that rainfall is below normal in the central and
the western parts of North China as well as in the middle reaches of Huanghe River. Int fact,
Mei-yu along the Changjlang—Huaihe River Valley in 1991 began much more earlier than
normal years. [a June, rainfall was obviously above normal in the Huaihe River, the Hanshui
River and the lower reaches of the Changjiang River Valleys. It was clear sky often in the
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Fig. 2. Spatial character of summer precipitation in North China during the period of
1979-1995.(a) the first spatial pateern; {b) the second spatial pattern; (c) the third spatial pattern;

(d} summer precipitation field reconstructed in 1991,

most part of North China. Rainfall was 50% to 100% above normal in the northern part of
the North China and 10% to 60% below normal in the southern part. [t was also above nor-
mal in the western part of Northeast China. In July, rainfall was 30% to 70% below normal
in the western part of North China and 40% to 100% above normal in the eastern part. Low
temperature and rainy occurred in the most part of Northeast China. In August, rainfall in
the most part of China lain to the 100°E east approached or was obviously below normal.
Less rainfall appeared in the flood period in the most part of North China, Northeast China
and 5o on. The monthly rainfall was 20% to 90% below normal. Surface air temperatures in
North China, Northeast China and so on were above normal. Their monthly average surface
air temperatures in the central and the northern parts of North China as well as the plain of
Northeast China were 2 to 3°C above normal at the same time.

3, Numerical model and experiment design

The model used in this paper is a second~generation regional climate model (RegCM2) which is
developed by Girogi, Marinucci and Bates (1993) at the Naticnal Center for Atmosphere Research
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Fig. 3. Model land-us2 distribution. Land-use types are 3-grassland, 4-deciduous forest, S—coniferous
forest, 9-desert, ~-tundra, and 2-tropicai or subtropical forest. The region circled with dash line denotes
desertification.

{INCAR). The model uses a s—coordinate in the vertical direction, ¢ = (P — Pt) / (Ps — Pi),
where Ps is the prognastic surface pressure and Fr is the pressure specified to be the model top. Its
physical processes include detailed radiative transfer package, the Biosphere—Atmosphere Transfer
Scheme (BATS) and so on. The model incorporates the split—explicit time intagration technique so
that it runs more efficiency. We choose a domain of 3000 km x 3600 km size centered in North China
at 41°N and 116°E with a horizontal grid—point spacing of 60 km (Fig. 3). The vertical structure of the
model is taken nonuniform with 10 levels. Its full sigma level values are 1.0, 0.99, 0.97, 0.93, 0.85, (.75,
0.60, 0.45, 0.30, 0.15 and 0.0 with model top at 100 hPa. A Kuo-type cumulus parameterization is
used in the RegCM?2, along with a simple scheme for resolvable scale precipitation, whereby all water
in excess of saturation at a given grid point instantaneously precipitates.

The analysis data of the European Center for Medium—Range Weather Forecasts (ECMWF)
are used as initial and fateral boundary conditions necessary to drive the model runs. The driving data
having a resolution of 2.5° % 2.5° in the horizontal, are distributed on 7 pressure levels, and are availa-
ble at intervals of 12 hours, The bilinear technique is employed to interpolate horizontally wind com-
ponents, geopotential height, temperature and relative humidity to the model grid. Vertical interpola-
tion is linear in pressure for wind and relative humidity, and in the logarithm of pressure for tempera-
wre. The model runs from 00 GMT, June I to 00 GMT, August 31 of 199 and the period of
simulation is 91 days. Two numerical experiments are carried out. One is a control experiment in
which underlying surface is taken as real physical features obtained by interpolation of NCAR
land-use distribution with a resolution of 0.5° x (.5° (see Fig. 3). The other is a sensitivity experiment
of grassland desertification. According to distribution of regions threaten by desertification over the
world severe degradation of grassland vegetation cocurs primarily in North China and Mongofia.
Thus, grassland viegetation in the central and the northern parts of North China as well as Mongolia is
replaced by desert, that is, land—use type 3 is replaced by 9 within a domain circled with dash line as
shown in Fig.3. Impact of grassland desertification can be discussed by comparing sensitivity experi-
ment with control one.

As to land-use types of grassland and desert, both physical features have distinct differences, The
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table in the reference {Dickinson, Henderson—Sellers and Kenedy, 1992) gives their physical
parameters, where grassland in this paper corresponds to short grass {its type is 2), and desert corre-
sponds 10 semi—desert (its type is 11) in the reference. One of the most significant changes is increase of
surface albedo after the substitution of desert for grassland. Values of surface albedo at the land gird
poinis in the BATS are determined from the albedo of vegetation and the albedo for bare soil in pro-
portion of fractional vegetation cover, Moreover, the albedo for bare soil also-depends upon scil type
and soil wetness. Considering dry soil and neglecting effect of soil moisture, for example, the visible so-
lar surface albedo (1< 0.7um) increases from 0.12 for grassland to 0.215 for desert, and the
near-infrared surface albedo (¢ 2 0.74m) increases from 0.32 for grassland to 0.43 for desert. The va-
riations of surface aibedo no doubt break energy balance between land and atmosphere, thus affecting
climate and environment changes.

4. Simulation of impact of grassland desertification on precipitation

As mentioned above we simulate the summer climate of 1991 in North China with real underly-
ing surface for control experiment. Analyses of average monthly precipitation or accumulated summer
precipitation simulated by the model all show that the RegCM?2 basically catches the features of re-
gional distribution and seasonal variation of precipitation that are essentially in accord with the obser-
vation. Figures 4a—b are accumulated summer precipitation simulated and observad respectively,
where the filter analysis is used for simulated precipitation. At each of model grid points, the average
of 5% 5 points is made for outputs of the model. It can be seen from the figures that the model repro-
duces the regional characteristic on precipitation. An intensive rainband in the direction of the east—
west appears in the middle and lower reaches of Changjiang River. Warm—wet air from the southeast
can not easily reach the northwestern part of North China due to resistance of Taihang Mountains, so
it is an arid region. Another intensive rainband appears zlong Taihang Mountains. There is less rain-
fall in Jiaodong peninsuta. The rainfall simulated shows that heavy rain from the model is weaker than
the observed. Specifically, the Mei—yu rainband along the Changjiang—Huaihe River Valley is obvi-
ously weaker than the observed.

(e) BUMMER g1 (OBSERVED) HUABE| Pr {b) SUMMER 91 (SIMULATED) HUAHE! Pr

Fig. 4. Summer precipitation in 1991: (a) observation; (b} control experiment. The cortour interval is 1.0
mm £ day.
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Under condition that grassland vegetation in the central and the northern parts of North China
as well as Mongolia becomes desertification, the variation of the whole summer precipitation i obvi-
ous, especially during the flood period in North China in July, as shown in Fig.4. Rainfall in the
southeastern part of the desertification region decreases significantly and a maximum of negative
anomaly is more than —lmm / day. Fig. 3 shows that the southeastern edge of the desertification re-
gion is located at 40°N and V15°E or so. Therefore, the southeastern border of rainfall reduction area
in the desertification region is not coincident with that of the desertification region but extends about
one degree southeastward. In sinlar way, variation of soil moisture in ihe desertification region also
indicates that the border of its reduction extends about one degree to the southeast. From the point of
view of desertification prooess, the decreases of both rainfall and soil moisture do not help plants near
the border region to grow and make the vegetation become desertification further. This can, in some
degree, explain why the desertification region expands southeastward, that is, a feedback mechanism
of desertification. Additionally, the variation of rainfall in the desertification region is nonuniform.
Rainfall in the northern part of North China, that is, near 44°N, increases instead and decreases again
on the north. Meanwhile, besides North China, it intensifies clearly in the most part of the
Changjiang—Huaihe River Valley, the Bohai Gulf and some part of Northeast China.

Along the direction of east—west in the model domain that is roughly in the range from 101°E to
123°E at the center of North China, we average the rainfall and get the variation of rainfall as a func-
tion of latitude. Figs. 6a—d show differences between desertification experiment and control one. It is
more clearly from the figures that the notable effect of desertification on longitudinal variation of rain-
falt is in June and July. In June, rainfall increases in the middle and lower reaches of Changliang River
Valley and decreases in the southern part of North China. The intensive rainband during Mei—yu pe-
riod is inclined to move southward relative to that of control experiment. In July, the
averape rainfall decreases about 15 mm in the longitudinal range from 38°N to 43°N, that is, the cen-
tral North China. It demonstrates further that the border of rainfall reduction moves southward about
one degree with respect to the southern border of the desertification. Precipitation in the most parts of
North China does not change much in August. More obvious variation appears in the northern part

-
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Fig. 5. Difference of precipitation between desertification experiment and control experiment in July, The con-
tour interval is 0.5 mrm ~ day-
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and the average rainfall decreases about 10 mm. Hence it is much complicated for the varia-
tion of the whole summer precipitation. The variation of the average rainfall fluctuates as a
function of latitude, as shown in Fig.6d.

5. Effect of desertification on transfers of fluxes between land and atmosphere as well
as characteristic on variation of atmospheric circulation

As to the experiment of grassland desertification, a direct effect is to increase local sur-
face albedo. Soil moisture is small at the beginning of the model integration (initial soil mots-
ture depends only on land—use types in the experiment). Thus, compated to control experi-
ment. in the desertification region evaporation decreases, cloud cover reduces, and net surface
heating from solar radiation increases as a result, its surface temperature increases considera-
bly. Transfers of long wave radiaiion and sensible heat flux from surface to atmosphere are
intensified. Those characteristics are clearly shown by the differences between sensitivity ex-
periment and control one (not given).

Like Fig.6, we again give differences between experiments for fluxes of surface evapora-
tion and sensible heat to atmosphere, where evaporation or sensible heat flux is average value
accumulated a day. Fig. 7 shows variations of those differences as a function of latitude. It in-
dicates that the surface evaporation anomaly becomes negative in the middle and positive in
the southern and northern parts of North China. Moreover, two positive peaks appear
around 40°-50°N of the desertification region. Anomaly variation of sensible heat fux is
contrary Lo that of surface evaporation and a larger positive anomaly appears at 40°N, that is,
the central North China. There exist two peaks of negative anomaly in the desertification re-
gion and a stronger one occurs near 44°N. Variation of precipitation is closely related to those
of surface evaporation and sensible heat fluxes, The curve of precipitation varies essentially in
phase with that ol evaperation flux while it is out of phase with that of sensible heat flux, in
other words, in phase with that of downward sensible heat flux. Similarly, differences between
experiments for {luxes of net solar radiation and long wave radiation from surface to atmos-
phere (Fig.8) also show the relationship to the precipitation variation.

Therefore, grassland deseriification changes transfers of fluxes between land and atmos-
phere in a considerable degree. Thus, this kind of variation has no doubt an important effect
on atmospheric circulation. At the center of desertification region {around 112°E in North
China} we cut a cross—section of meridional circulation so that we can analyze difference of
circulation between two experiments in July {(Fig. 9). In the central troposphere there exist
two primary secondary circulation cells. One anticlockwise circulation cell appears in the
northern part of North China (the desertification region} and another clockwise circulation
cell appears in the southern part. More intensive downdraft occurs in the range from 38°N 1o
42°N that corresponds to the positive anomaly peak of surface sensible heat flux. Around
44°-45°N  there exists ascending motion of the anticlockwise circulation cell in the
desertification region that corresponds to the negative anomaly valley of surface sensible heat
flux. As a consequence, the variation of heat transfers between land and atmosphere can
excite this kind of secondary circulation or secondary circulation cell. Lts effect extends to not
only the boundary layer but also almost the whole troposphere. As to the secondary circula-
tion cell in the desertification region, for example, its ascending motion approaches g=10.2
level {about 300 hPa). At the same time, this kind of secondary circulation changes moisture
transport in a large degree. As divergence circulation in the southern part of North China
meets warm-—wet air from the south, a convergence zone or center appears in the




260 Advances in Atmospheric Sciences Vol. 16

JULY (DS) JuLY (DS)
2z 2
Prac( %20 mm) Prec ¥20 mm)
_____ Ev{0.5 <107 mm ) eeoo. IA(x100 W/ M)

. Ha(x1Q0 W/ m') FEEEEI NS{x100 W/ m"}

J5N 40N 45N 50N 35N 40N 45N 50N
Fig. 7. Anomalies of average surface evaporation flux Fig. B. Anomalies of average net surface fluxes of solar
and sensible heat flux as a function of latitude in July. radiation and long wave radiation as a funetion of lati.
The solid line denotes rainfall, the dashed line denotes tude in July. The solid line denotes rainfall, the dashed
evaporation {(mm / day) and the dotted line denotes line denotes long wave radiation (W / m®) and the dot-

sensible heat (W / m?). ted line denotes solar radiation (W ./ m.

Changjiang~Huaihe River Yalley, while divergence circulation in the central part reduces the
compensation which moisture transport makes for losses of surface evaporation here.
Additionally, in the northern part of North China, the secondary circulation cell contributes
to concentration of moisture near 45°N.

Variation of vertical motion can further explain the precipitation anomaly. In Fig.6 the
dashed line denotes anomaly of vertical velocity o as a function of latitude on o =0.525 model
level (about 573 hPa level, that is, the central troposphere) and negative value of @ denotes
ascending motion. Obviously, the variation of the vertical velocity agrees well with that of
precipitation in July. Where ascending motion intensifies, rainfail also increases
correspondingly. Similarly, where downward motion intensifies, rainfall decreases.
Additionally, a similar relationship is also shown from other months except for June when
two curves in the southern and central parts of North China show clearly out of phase. Con-
sidering vertical velocity in the middle and upper troposphere further, then two curves vary in
phase.

If we use an arrow to denote effect of variation of a parameter on that of another one,
studies mentioned above can indicate a process of the desertification effects as follows:
grassland desertification (albedo, soil moisture, eic.) — evaporation—> radiative and sensible
heat fluxes—~  surface temperature> secondary circulation+ moisture transport—>

e 7 e nR BTGERE LY
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Fig. 9. Difference of meridienal circulation between two experiments in July.

precipitation. Tt is similar to Charney’s hypothesis in dynamics of deserts that the process in-
dicates as follows: albedo—surface air temperature—large scale circulation—convergence of
moisture transport—~precipitation. However, evaporation is not included.

6. Conclusions

This paper has examined the effects of the grassland desertification on variation of the
summer drought of 1991 in North China by using the high-resolution regional climate model
RegCM2. The results are as follows:

1. The RegCM2 essentially catches the characteristics on distribution and seasonal varia-
tion of the summer precipitation in 1991 in North China, which agree well with the observa-
tion for real underlying surface. However, simulated rainfall of intensive rain bents or
precitation centers shows less than observed.

2. On condition that grassland in the central and the northern parts of North China as
well as in Mongolia becomes desertification, the sumnmer accumulated precipitation decreases.
In June, precipitation increases obviously in the middle and lower reaches of the Changjiang
River Basin and decreases in the southern part of North China so that the intensive rainband
during Mei-yu period moves southward compared to that of control experiment. Particularly
during its flood period in July, precipitation in the central North China considerably de-
creases. Moreover, the border of rainfall or soil moisture reduction in the desertification re-
gion extends southeastward about one degree and beyond the southeast edge of
desertification. Thus, vegetation in the border region approaches desertification further.
There is obviously, however, different for variation of precipitation in the whole
desertification region.

3. Grassland desertification changes greatly transfers of fluxes between land and atmos-
phere. Secondary circulation or secondary circulation cells in the desertification region and its
surrounding can be excited and they change moisture transport. Variation of transfers of
fluxes between land and atmosphere as well as vertical motion of atmosphere is closely related
to that of precipitation.
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